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Abstract

The work highlights the modeling of water flow ipen channels using 1D mathematical model HEC-RAS in
the area of interest Lopuchov village in eastemmv&tia. We created a digital model from a geodsticvey,
which was used to show the area of inundation i0GAS software. We point out the modeling methodglog
with emphasis to collection of the data and thelievance for determination of boundary condition8D model

of the study area in GIS platform. The BIM objectn be exported to the defined model of the arba T
obtained results were used for simulation of flogdiThe results give to us clearly and distinctied areas

of inundation, which we used in the processing ostChenefit analysisWe used the developed model for
stating the potential damages in flood vulnerabéas.
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1 Introduction

In the nineties of the twentieth century, espegiadlthe field of mechanical engineering the
tools of mathematical modeling have been startedig® for purposes of analyzing the
engineering designs for planning of production dod modeling and simulations of
production management. At present, these procedweesiainly used to improve the process
of shortening the pre-production phase necessarth&introduction of production. In civil
engineering this knowledge is used for creatingpigects more efficient in terms of work
proceeding, excluding the amount of errors, desedrilby linking the text and image
information that represent the elements of theweald (BIM, GIS).

BIM (Building Information Modeling) is integrated adel aimed to provide coordinated and
reliable information about the project of the coustion during the separate phases of the
project from design through its implementation be tperation. BIM offers to engineers,
constructors and investors possibility to make dvettecisions, improve the quality and
increase the profitability of the construction wittaximum using of infrastructure. It supports
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the continuous and immediate availability of the@jpct during its implementation, time
schedule and cost information that are reliablkegrated and coordinated [1].

The BIM process utilizes an intelligent object @ntralized architecture in high detail 3D

display, while in the GIS is used basic 2D represt@ns of these entities (points, lines,

polygons) and it creates space in relation to tireosnding country [2]. It is therefore an

organizing information system (Figure 1) which doesl proceeds, adjusts, analyzes and
displays all forms of geographical information.

Figure 1:Design and development of BIM on GIS interoper&pitipen platform [3]

Modeling as a process carries some risk of ovelgiggiion of particular situation. All the
elements and influences cannot be introduced hearodel, for this reason it is necessary to
decide which data will be implemented into the moaled which will be neglected or
simplified [4].

For the understanding of the different views in sodétware it is required to join a specific
number of variables. For flood modelling are kegputs the correctly defined flooding area
with location of real occurrence of floods or floa@ve course. The most effective way is to
use hydrodynamic models which enable modeling obding area by integrated 1D/2D
models, which we will use for the specific visualibn. Basement of modeling is in the link
of 1D river model with a 2D model of the built-upea [5]. For this type of mapping and
modeling is the most appropriate to use a hydrosynamodel HEC RAS (1D) in
combination with software ArcGIS or HEC GeoRAS (2at work in GIS environment.

2 Materials and methods

Express the movement of the fluid is not practiéamore suitable method is that the flowing
liquid is considered as a continuous environmert @ach point in the environment has
assigned the velocity vector,= v(r, t). According to this the fluid flow can be divideato
hydrostatic ¥ = 0) and hydrodynamicv(# 0) [6]. Features describing the movement and fluid
flow, which were derived from the elemental liquilume, we can express through;
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* law of mass conservation — continuity equation,
* law of momentum conservation,

* law of energy conservation,

* law of entropy change.

Fluid motion can be generally defined as an ungteaw three-dimensional. The task of

hydrodynamic is to determine the distribution of trelocity of the flow and determine the

pressure in the area of interest. Results can ésepted through physical and mathematical
modeling. More preferably is the use of mathemhtioadeling, as physical research is

usually more complex because of the financial ané perspective.

Water flow in the open channels is [7] steady csteady — where the flow rat@), average
cross sectional velocityw) and depthy) are directly dependent on linear coordinatg¢sagd
time(t).

Q=Q(x,1) v=v(Xf) y=y(x.t) 1)

2.1 Data acquisition for hydraulic model

There are a lot of possibilities and different noelh for data acquisition in the practice. The
basic ones for data collection are direct and eaimethods [8]:

e geometric methods — tachymetry, leveling, GPS;
* photogrammetric methods
* laser altimetry — airborne laser scanner

Geometric methods of direct measurement represaitlynelectronic tachymetry that
enables direct electronic recording of polar cawamtes or recording of rectangular
coordinates, calculated directly on the magneticd oaith an accuracy of up to 1 cm.
Photogrammetric methods rank among the indirecthaust that in short time of its
development changed from analog through analytivethods to digital mapping systems.
These methods allow horizontal, but also verticahsurements of either mountainous or flat
terrain, fixing their geometric properties and gdasituation of photographic images. The
accuracy of the special position depends mainlymaging parameters and ranges from 0.05
m to several meters.

Development of DTM model by laser altimetry allowsnetrating through vegetation and
trees. That is the main advantage of this methatdifference from photogrammetry. This
makes it possible to capture the reflection of lmeer ray directly from the surface with
accuracy less than 0,01m [9]. The most advanceathtdogy for scanning the surface is
LIDAR (Light Detection and Ranging), which presewfstical remote sensing technology.
The principle is the distance between the LIDAR #Hralscanned object and the output can be
exported to BIM software [10].
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2.2 Methodology for mathematical modeling

In the 1D models can be expressed different veloiit flow profile trough empirical
equations and thus determinate the relative posiob the water level in its individual
sections. However these values are only approxieuadeto obtain more precise information
is necessary to use multidimensional model. 2D nsqoi®vide information about the surface
division of velocity and depth of the whole territoGenerally, steady flow solution can be
identified as less demanding in comparison withgbkition of unsteady flow, but when we
are dealing with the solution of unsteady flow tin@nsformation of the flood wave and
flooded area can be omitted, which can cause ivithehl cases a large distortion of results
and substantial material and financial losses after implementation of the project.
Modelling can be divided into three parts:

* preprocessing — preparation and entering the nagessputs to the model, import
GIS data and define the model output;

e processing — calculation, usually 1D;

e post-processing — process and export of the madplts for the further processing.

Results from the flow modelling are of great impoxte for the field of science and practice
that their interests are oriented to the constoactf waterways, navigation, watercourse
regulations and energy — hydro power plants [7].

In mathematical modeling of flow in the river it mecessary to adopt certain assumptions,
where is applicable general process solution. A dascription of the model is in fact
impossible. The first part of the modelling is fsed on model development and the second
part is application of the model in the practicbeTprocess is divided into several stages of
implementation, which can be formulated as follows:

« consider only decisive properties and simplify dgdon of the modeled 3D
environment to the flow of water displayed as 1l 8ow characteristics represented
in 2D;

» determine the choice of a suitable descriptiorhefrtumerical solution;

« discretize the physical area (divided into smadlements);

* create schematic model of the area as substitutgouier network based on finite
difference or final elements;

e create general numerical model;

» verify the model based on the already solved models

e prepare a model for the specific area of interest;

e calibrate the model based on necessary numbemafotaneasurements;

« apply verified model for the desire event knowrsesnarios of calculation.

The whole algorithm shown in the individual stages1 generally be divided into two
separate parts. The first part focuses on the naeletlopment and the second part focuses
on the individual characteristics and applicatibthe model in practice [7].
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2.3 1D mathematical model HEC-RAS

Within 1D modeling of water flow, the calculationciudes a description of the watercourse
in the direction of flow with defined cross andleglprofiles in the area. It means that in the
1D modeling the spatial location is shown as aadist of respective profiles with dimensions
of the banks and bottom. By joining the data froifiecent cross sections is formed the
longitudinal profile of the watercourse. We chod$2 rhodel HEC RAS for processing and
simulation of the results. Figure 2 shows outpatrfrlD model — the river bed modelled in
HEC RAS (modelled Stuliansky creek in eastern S{@mjaFrom the results it is possible to
determine the maximum water level in each prothe, extent of flooding, flow rate, or flow

velocity in a particular profile, respecting theaalging of the Manning roughness coefficient

in each profile.

Figure 2: 1D model of Stuliansky stream from HEC B0, n = 0.033 in HEC-RAS [13].

Hydrologic Engineering Centers River Analysis SgstéHEC RAS) [12] is software
designed to retrieve data from river system anslysid display them in an interactive
network environment. The system includes four oimeedsional hydraulic analysis

components:

« Steady Flow Water Surface Profiles;
e Unsteady Flow Simulation;

e Movable Boundary Computations;

* Water Quality Analysis.

A key element is that all four components are usesbmmon hydraulic calculations [11].
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HEC RAS software was used in the paper for the tindeof the flooding area in Lopuchov
village in eastern Slovakia. In the next chaptez #tudy area and proposal of stream
regulation for the purposes of flood protectiorhia village are described. Detailed procedure
of flood modelling in Lopuchov village in easterto®kia, what is the core of this paper, is
explained in the thesis published by Fijko, 2015 [1

2.4 Cost benefit analysis

Cost benefit analysis (CBA) involves adding up bemefits of a course of action, and then
comparing these with the costs associated witGast benefit analysis is probably the most
comprehensive method of economic evaluation aJailand it can be applied in two
approaches. The human capital approach meanshbatalue of people's contributions is
linked to what they are paid. The approach baseddimiduals' observed or stated preference
means that their personal valuations are placeanoactivity by assessing how much money
they are prepared to accept for an increased risk gay for a particular service [14].

3 Flood Protection of Lopuchov village

Within the proposed activityPreventive Flood Protection Measures — Water strems
regulation in village Lopuchov”, was designed regulation of Stuliansky creek asdeift
tributary, which is without the name. The develogedposal include the solution of the
bottom reconstruction and banks fortification inatdength of 672 m of Stuliansky creek
(beginning of regulation (BR) in km 0.000 = rkm 801 end of regulation (ER) km 0.672 =
rkm 4.852) (Figure 3) and its tributary without nram length of 441 m.

Figure 3: Current status of Stuliansky creek (BR80; ER=0.672) Source: Fijko, R (2013).

The aim was to regulate the river profile, so tihat river bed has capacity for designed flow
of Q00 = 24.0 ni/s (according to Slovak Hydrometeorological Ingéju There are no special
requirements for the planning construction, eitiverterms of urban and architectural,
although the construction as a whole should ndudisthe character of the landscape and
should meet the requirements of sustainable denedop The construction site is defined by
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build-up area of the village. Lopuchov village liesthe southwestern part of Nizke Beskydy

Mountains in the valley of Stuliansky creek at aerage altitude of 223 meters above sea
level. Village belongs to the administration of $e region and is incorporated into the

Bardejov district [15].

3.1 Alternatives of design — water stream regulation

Alternative 1: Banks fortification by precast vegetated reinfdra®ncrete blocks with a
coefficient of roughness = 0.033 placed at treated ground, with filling 8pace for rooting
during the construction by green turf;

Alternative 2: Banks fortification by stone tiles placed at tlsnent mortar, pouring joints
with cement mortar, with a coefficient of roughnass0.02.

Proposed alternatives were confronted with the guieded (natural) riverbed with a
coefficient of roughness= 0.07 (Alternative 0).

Alternative 0: The river bed will not be regulated and river bmmkll not be fortificated —
current state, coefficient of roughness 0.07.

The main purpose of the work is to propose thegatain of the inhabitants and property in
the Lopuchov village from flooding by increasingetdegree of flood protection [15]. The
results from flood modelling using HEC-RAS are u$adcost benefit analysis for proposed
alternatives of construction.

3.2 Application of mathematical model in GIS

We used the geometric plan of the village in .dwgrf to create the model of the area for
flood modelling. The model of Stuliansky creeklwits tributary was created in HEC RAS,
also with defined bridge structures along its ceufsgure 4 shows a longitudinal profile of
Stuliansky creek with an average inclination of739%.. The catchment of Stuliansky creek
in village Lopuchov is regularly flooded, which sificantly nuisance local residents.

Lopuchov? Plarni Plan 01 10/04/2015
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Figure 4: The longitudinal profile of Stulianskyeek, output from HEC RAS

The study area is in terms of geology unstableismtcluded in the flysch zone. The flooded
area can be simulated using 1D mathematical mod€! RAS. We can be read the height of
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water level or the velocity of flow in the crosopile by the defined discharge. The model of
the flooded area for Stuliansky creek, unregulatedlh Manning coefficient of 0.07 is
presented in Figure 5 for different values of deatgd discharge Q. Qso and Q.00 and
natural flow and in Figure 6 present results ratpd flowQ;oofor alternative 1 and 2.

Y 067005050

Figure 6: The results of the calculation model HEES - Alternative 1Q1oo (left);
Alternative 2,Qi00(right)

66



SSP - JOURNAL OF CIVIL ENGINEBYRG Vol. 11, Issue 1, 2016

We modeled three variants of different discharge®i— Q2o Qso and Qigo for each of
Alternative (Alternative 0, Alternative 1 and Altetive 2).

All the developed models were transferred in th& @hvironment, exactly ArcGIS 10.2,
where the models were changed from 1D to 3D. IfGA8c10.2 was possible to calculate the
flooded area for different variants of Alternativegotally 12 models [13]. Figure 7 display
the flooded area of Lopuchov village for daily diacge and designated flowQiqq for
natural, not regulated riverbed.

Figure 7: Alternative O - display inundation of mat riverbedQ; = 0.04 ni/s,n = 0.07 and
Quo0= 24 m/s,n = 0.07

We can conclude from the achieved results thataast flooded area is by Alternative 2 —
river banks fortification by stone tiles placedlad cement mortar.

4 Conclusion

Water Framework Directive 2000/60/EC (WFD), Anndk [L6], contains a request to
develop cost-effective measures. The economic aisaspall contain enough information in
order to make judgments about the most cost-efieatombination of measures based on
estimates of the potential costs of such measBexzause of this requirement it is expected to
prepare a cost benefit analysis (CBA). It can gigantly help in defining the most
appropriate measures, describing the broader simepact of proposed measures. The CBA
(Cost Benefit Analysis) to verifghat cosincurredon the measures concerned are not greater
than monetize benefits that implementation of tleasare will bring and whether as a result
of proposed measures raise some public benefitgL[A7

Evaluation of flood protection measures consistsle@ermining the size of flooded area, as
well as constructions and infrastructure of theanrlarea. From the flooded area by river
dischargeQio0, were identified the potential damages and thencthsts of damages were
compared with the costs of river regulation in badiniants (Figure 8). The damage caused by
such adjustment should be less than the costsrednstregulation and banks fortification,
including possible damage caused by flooding ofsthey area.
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In the Figure 8 are presented results of maximutemlavel for separate alternatives of water
stream regulations. “EG” shows Energy Grade elematit downstream end of bridge or
culvert, “WS” shows Water Surface elevation upstrezf a bridge or culvert and “Crit” is
Critical water surface elevation. Water surfaceagesponding to the maximum energy and
the energy versus depth curve.

Unit cost of damaged property was calculated tal®@ €/nf for roads and 525 €ffor
building structure. The values were stated from KINI2012 (Collection of indicators of
average budget value per measured unit for olgedkdings and constructions according the
structure classification.), where the recommendedimmum and maximum prices of
engineering activities are determined. We calcdladlte construction budget of water stream
regulation in software CENKROS Plus. Items in ckdtian list (budget) were divided to
ground works, foundations, building structures, snaansfer.

There are costs of potential flood damaged in tea & the water stream is not regulated as
well as the potential flood damages after wateeastr regulation. The costs of stream
regulation with river banks fortification are algeesented in Table 1.
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Table 1: Costs of flood damages and flood proteati@asures at Stuliansky stream

Cost of Cost of Total cost Total cost
Potential stream stream (damages +| (damages +
Flow . . . .
reqime Roughness damages | regulation |regulation| regulation) | regulation)
9 X [€] without | with VAT | without VAT | with VAT
VAT [€] [€] [€] [€]
Natural Without
riverbed regulation 977,735.0(
n=0.07
Semi-vegetative| ;s 777 09 284,187.22| 341,024.66 692,964.22 |  749,801.64
stream
Stone pavement 23g,640.00 394,266.76| 473,120.11632,906.76 |  711,760.11

It follows that the costs are the most suitablAlegrnative 2 — stone tiles placed at the cement
mortar with the price of 394,266.76 € without VAWalue added tax) for construction. The
designed water discharge 24/swill be controlled along the village and in caamipon with
the natural riverbed the flooded areas will be i$icgntly reduced — up to 60%. However, it
is impossible to prevent flooding completely, arainéige caused of 238,640.00 € amount is
about 25% of a total damages estimated at 977,035y the stream without regulation.
Considering the stream regulation with stone tilssed for the banks fortification the flood
damages will be reduced by 265,974.89 €, compahegpotential flood damages without
regulation.

Inundation area of the village Lopuchov is quitéeesive and regulation of water stream in
the study area is necessary. Creating of the hydeodic model will help in decision making

of the selection of suitable flood mitigation me&suin term of cost-effectiveness. 1D
mathematical model created in HEC-RAS is appropnedy for the designer of the proposed
changes, but operates on the principle of calligi@pnd insufficiently presents the results to
general public. It is therefore appropriate to présthe results using a 3D visual
representation of what is a better option for pt#énnvestors. We used 2D and 3D
modelling in software ArcGIS. Correct details oétmodel will affect the quality of results,

but also the speed, numerical calculations andakeeffectiveness of modeling work.
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